INTRODUCTION
Vehicle crash acceleration is an important parameter which directly reflects the process of vehicle crash and is closely related to occupant injury. In the frontal crash test of vehicle, the deformation mainly occurs in the frontal structure of the vehicle, while B-pillar and central channel almost have no distortion in the whole collision process, therefore, the deceleration signal collected from the lower end of B-pillar usually represents the impact strength that the vehicle withstands during the crash process. As the collision pulse can simulate and reproduce vehicle crash environment, it is widely used in CAE analysis of vehicle collision and crash sled test.
In CAE analysis and sled test of simulating actual frontal impact of vehicles, that the deceleration signal collected from B-pillar or central channel in the actual frontal impact of vehicles is used as the actual deceleration waveform of vehicle requiring simulation has become an industry consensus [1] . The waveform is completely applicable in the frontal collision of 100% overlapping ratio, but for offset impact, since the force of deformable barrier on the vehicle does not pass through the center of mass of the vehicle, the amplitudes and directions of acceleration of the driver's side and occupant's side are quite different, thus making it difficult for the CAE analysis and offset impact sled test to select vehicle acceleration as collision pulse [2] . To solve the above problem, this paper simplifies offset impact model, conducts mathematical derivation on its dynamical model, obtains theoretical prediction algorithm that can calculate the vehicle acceleration of any point, and conducts verification by combining with the actual vehicle collision data. Using this method can easily select collision pulse, thereby enhancing the accuracy of CAE analysis and impact sled test of vehicle collision.
DERIVATION OF THE PREDICTION MODEL OF VEHICLE ACCELERATION THEORY
The offset impact model of vehicle is simplified as the dynamical model of rigid body under impact effect in a two-dimensional plane, and vehicle coordinate system shown in Figure 1 is established [3] . The original point in the figure coincides with the centroid of the vehicle, and the offset deformable barrier collides with the right front of the vehicle. When the vehicle is in a stationary state on a level road, x-axis is parallel to the ground and points to the front, while y-axis points to the left side of the driver. The acceleration analysis of any point on the rigid body is shown in Figure 1 . Q is any point on the rigid body;  is the intersection angle of QG and yaxis. Suppose the direction of the deformable barrier force F on vehicle body is parallel to x-axis, then the acceleration of any point Q is:
In the formula, r is the distance between G point and Q point, and
 is the angular acceleration of the rigid body. Then, torque of F to centroid G is:
In the formula, G I is the rotational inertia of the rigid body around the center of mass (
, k is the turning radius of the rigid body around the center of mass, and m is the quality of rigid body). Substitute
into (2), and obtain:
In the formula, F is the equivalent concentrated force of the deformable barrier on the load distributing in the front of the vehicle, and p is the arm of force of F to the center of mass. According to centroid motion theorem
is acceleration at the center of gravity) [4] , (3) can be transformed into:
Transform the polar coordinates equation into rectangular coordinates equation, and obtain the acceleration components in x, y directions are:
Substitute (5) and (6) 
In the formula, , and according to (7), obtain: . The acceleration of each point on the circumference is the same, and the direction of the acceleration is the tangential direction of this point in circumference; rigid body motion can be equivalent to its instantaneous rotation around center C, and the acceleration of circle center is 0.
APPLICATION ON FRONTAL OFFSET IMPACT SLED TEST
In offset impact tests, the vehicle body always withstands the distributed load from honeycomb aluminum. The vehicle acceleration prediction method derived above is proposed for the linear system withstanding concentrated load. According to superposition principle, distributed load can be expressed as a linear combination of concentrated load, and then this prediction method is also applicable to the system under the effect of distributed load, so this method can also be used to analyze frontal offset collision.
Suppose the force of honeycomb aluminum acting on the front of the vehicle in 40% offset impact is evenly distributed [5] . As distributed load can be equivalent to concentrated load acting on the midpoint of distribution interval, to simplify the model of force, the distributed force of 40% offset collision is horizontally moved to the position of 20% offset rate in the front of the vehicle, and then concentrated force F shown in Figure 2 is obtained. Using vehicle acceleration prediction method can obtain the relationship between the accelerations at various locations of the vehicle body. Since in actual vehicle crash tests, to measure the acceleration of occupant's position is inconvenient, the acceleration amplitude and direction of the driver and occupant's position can be obtained through the acceleration waveform of B-pillar at left and right side and central channel recorded by acceleration sensor [6] . 
CQ
as radius, and respectively draw the tangential line of the circle passing 1 Q , 2 Q and 3 Q . Analysis in 1 shows the acceleration directions of points 1 Q , 2 Q and 3 Q are directions of tangential lines of the circumference passing the point, and the acceleration is in positive correlation with the radius of the circle: 
To verify the relation of the three points' acceleration in (11), the acceleration of B-pillar at the left side is used to respectively calculate the acceleration of central channel and B-pillar at the right side, and then is compared with the measured values, and the results are shown in Figure 3 and Figure 4 . Figure 3 and Figure 4 show that in the intervals of (0, 50ms) and (100,150ms), the change trend of calculated value is consistent with that of the actual value, with a high degree of fitness; but the consistency of calculated value and measured value in the interval of (50, 100ms) is worse. The reason is that in the initial stage of collision, as the stiffness of aluminum honeycomb of simulation bumper in the offset deformable barrier is lower than the rigidity of the front body, it first deforms and the front body of the vehicle deforms little due to the high rigidity; in interval of (50, 100ms), the deformation aggravation of front body may result in shift of vehicle centroid, followed by the change of radius of gyration k and offset amount p. The calculation process previously described does not take into account the impact brought by the centroid shift caused by body deformation, so that the calculation error becomes large; in the interval of (100,150ms) range, offset deformable barrier is more involved in the deformation, the deformation of front body decreases, and the calculated value and the actual value have a high degree of agreement.
To evaluate the accuracy of body acceleration prediction method, the relative errors of the calculated value peaks of the central channel and Bpillar at the right side are relatively calculated:
Wherein  is relative error,  is absolute error, and L is true value. The acceleration peak of the central channel in the interval of (0,150ms) is calculated as 35.08g through B-pillar at the left side; the acceleration peak of B-pillar at the right side in the interval of (0,150ms) is calculated as 29.60g through B-pillar at the left side. And the measured values of the acceleration of central channel and Bpillar at the right in the interval of (0,150ms) are respectively 35.29g and 29.70g. From (12), the relative error of the former is 0.58%, and the latter is 0.34%.
CONCLUSIONS
1) This paper derives the vehicle acceleration prediction algorithm in offset crash test in detail, and the results show a series of points in vehicle body with equal acceleration amplitude are located on the same circle.
2) The method can calculate the magnitude and direction of acceleration of any point in vehicle body, and provide accurate pulse input for CAE analysis and sled test, thereby improving the accuracy of analysis and satisfying the versatility of collision waveform.
3) Real vehicle crash test data are applied to verify the vehicle acceleration prediction method, and the results show that for both acceleration curve and curve peak, calculated and measured values based on this method are closely correlated, but the coupling of the two curves in the intermediate stage of collision is poor.
